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A low voltage high performance design of operational transconductance 
amplifier is proposed in this paper. The proposed architecture is based on 
bulk driven quasi-floating gate metal oxide semiconductor field effect 
transistor (MOSFET) which supports low voltage operation and improves 
the gain of the amplifier. Besides to this the tail current source requirement 
of operational transconductance amplifier (OTA) is removed by using the 
flipped voltage follower structure at the input pair along with bulk driven 
quasi-floating gate MOSFET. The proposed operational transconductance 
amplifier shows a five-fold increase in direct current (DC) gain and 3-fold 
increase in unity gain bandwidth when compared with its conventional bulk 
driven architecture. The metal oxide semiconductor (MOS) model used for 
amplifier design is of 0.18 um complementary metal oxide semiconductor 
(CMOS) technology at supply of + 0.5 V. 
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1. INTRODUCTION 

With technology shrinkage low voltage operation has been a continuous motivation but it has forced 
challenges to analog designers to produce circuits with satisfactory performance. The metal oxide 
semiconductor field effect transistor (MOSFET) threshold voltage limits the supply scaling. However, a 
number of solutions is reported in literature to encounter this issue at the cost of either cost else degradation 
of some parameters. So, depending on the user requirement the choice of techniques is done. Few well 
known frequently adopted techniques are bulk driven technique [1]-[3], floating gate (FG) structure [4], 
quasi-floating gate (QFG) structure [5]-[7] and bulk driven floating/quasi-floating gate (BDFG/BDQFG) 
structure [8], [9]. Among stated approach the BDQFG has found potential use when linearity is not a prime 
objective. Basically, this approach is operating bulk driven MOSFET in a quasi-floating state and so it 
improves the alternating current (AC) features of bulk driven MOSFET. Like if any bulk driven 
transconductance amplifier is to be designed then the low transconductance limits its gain and bandwidth. So, 
BDQFG is one of such method as the effective transconductance is the sum of transconductance of BD and 
scaled transconductance of QFG MOSFET. The improved transconductance results in high gain circuits and 
also in improved gain-bandwidth product. Another example can be taken is of current mirror circuit where 
transconductance decides the basic performance parameters such as bandwidth, input, and output resistances 
[10], [11]. 

In this paper, a BDQFG based three current mirror topologies operational transconductance 
amplifier (OTA) is proposed. The OTA is a voltage controlled current source device having wide application 
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similar to like operation amplifier. For improvement of OTA parameters along with BDQFG, the proposed 
OTA use flipped voltage follower (FVF) structure at the input. The FVF is widely adopted for realization of 
low voltage circuits [12]-[16]. The use of FVF helps in improving the linearity of amplifier and also removal 
of tail current source used to bias OTA. 

The paper is divided in five sections. Following the introduction made on section 1, section 2 details 
about the conventional BD current mirror OTA followed to proposed high gain improved linearity current 
mirror OTA in section 3. The simulation results are discussed in section 4 and conclusion in section 5. 


2. DESIGN METHODOLOGY 

The three current mirror-based OTA [17] using BD technique is shown in Figure 1. The current 
mirror topologies are (M3, M5), (M4, M6), and (M7, M8). The OTA is biased using constant current source 
Ibias, also referred as tail current source in literature. Analysing OTA the transconductance is given by: 


Via = Vins ms Vin- (1) 


I I 
Via = Vesı — Ves2 = E = E (2) 


Where Bn = HnCor (7), , 


The M1 & M2 currents is given by: 


h = 2 +2 SBaloiasVia (1 - E) 6) 

Ip = e — t IB TriasVia,| (1 - £4) a) 
Since 

Tout = 1 — In (5) 
From (3) and (4): 

Tout © y BnliasVia (6) 


The effective transconductance of OTA: 


_ Olout 
Gm = Via (7) 


WwW 
Gm <7 |UnCox 7? 2 Ibias (8) 


Y 


2 2ġf+VsB 


Ibias 
Jout = Jase + Jass = P (An + Ap) (9) 


2 


Where 7 = and output conductance is given by: 


Combining (1) and (2) yields the DC gain of the amplifier which is given by: 


Ay = St = 2n maw) (L) (10) 


Jout Ibias \L AntAp 
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Figure 1. Bulk driven operational transconductance amplifier 


As observed from (8) and (10), the effective transconductance is basically the transconductance of 
input MOSFET. Since bulk driven MOSFET has low transconductance, this puts a limit on the DC gain of 
the amplifier. The limited transconductance also affects the unity gain bandwidth (UGB) of the amplifier 
which is given as: 


nCox w ias 
yep = om = Creel) mas) (11) 


CL CL 


So, it can be stated that transconductance boosting of input MOSFET will improve the performance 
of OTA in terms of gain as well the bandwidth. Such improvement can be easily achieved by replacing BD 
with BDQFG MOSFET which increases the DC gain as well the UGB of the OTA. 


3. PROPOSED DESIGN 

The performance improvement can be carried in two forms: either at MOSFET structure level like 
using BDQFG approach otherwise at circuit level like recycling folded cascode and local common mode 
feedback. The recycling folded cascode OTA [18] is based on concept of use of adaptive biasing at the input 
differential pair which improves the dynamic current range. However, the additional circuitry required brings 
out the chances of area and extra power requirements. In the proposed work, the BDQFG approach has been 
adopted to improve the DC gain through boosted transconductance. The proposed OTA is shown in Figure 2. 
As it can be seen the input MOSFETs M1 and M2 is configured as BDQFG MOSFETs. The MOSFET M1 
and M2 is configured in QFG with the help of capacitor C1 and C2 along with cut-off region MOSFETs MP1 
and Mp2 respectively. The boosted transconductance is given as: 


WwW 
Gm,BDQFG = (n F k) [Hn Cox i: Ibias (12) 


where k is the ratio of input to total associated parasitic capacitances. This increase the DC gain as well the 
UGB of the OTA. It also improves the transient response as the magnitude of current through input 
MOSFETs increases. Though response can be also improved by increasing the value of Ibias but this approach 
leads to increased power dissipation. To overcome this flipped voltage follower is used along with BDQFG 
MOSFET. This increases the magnitude of total current flowing through M1 and M2. In the proposed OTA, 
the pair (M1, M1a) and (M2, M2a) forms a FVF structure to process input signal. Due to FVF the tail current 
source, a power-hungry unit of OTA is no more required due to presence of Mla and M2a. The circuit 
becomes self-biased. The pair (M1, Mla) and (M2, M2a) forms a FVF structure to process input signal of 
bulk. Also, a source degenerated resistor ‘R’ is used which provides negative feedback [19]. As the input 
section is a source follower, the input voltages of M1 and M2 is replicated to source terminals where voltage- 
to-current conversion is carried through R. The overall DC gain and bandwidth increases without need of any 
external bias current source. Analyzing the OTA: 


Tout xv Pnlbias (Via 7 Rlout) (13) 
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ðlout Im 
G,, =u x 14 
m Via 1+9gmR ( ) 


Where gm = y Bnlpias is the transconductance of MOSFET M1 and M2. So, using source degeneration 
technique [20], [21] the input dynamic range is easily improved at low supply. 
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Figure 2. Proposed BDQFG FVF OTA 


4. RESULTS AND DISCUSSION 

The conventional and proposed OTA are simulated on 0.18 um CMOS process at + 0.5 V supply 
using spice simulator. The device dimensions are shown in Table | along with other assumed parameters for 
circuit simulations. The transconductance plots of OTAs is shown in Figure 3 where it can be observed that 
BD OTA offers poor transconductance of 14.9 A/V whereas when OTA it is modified using BDQFG as a 
part of FVF, the effective transconductance gets boosted to a value 92.9 uA/V. The transconductance directly 
affects the DC gain as well the unity gain frequency for which the plot is shown in Figure 4. 


Table 1. W and L of MOSFETs 
Transistors Width (um) Length (um) Transistors Width (um) Length (um) 
1. 2.0 


M1, Mla 15 M6 15 

M2, M2a 15 1.2 M7 15 1.2 
M3 25 0.8 M8 15 1.2 
M4 25 2.0 MP1 0.36 0.36 
M5 15 0.8 MP2 0.36 0.36 


R=100 Q, C1=C2=C3=1 pf, CL=0.1 pf, supply=+0.5 V, I bias=10 uA 
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Figure 3. Transconductance plots Figure 4. Gain plots 
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As can be seen in Figure 4, the DC gain of BD OTA is boosted from 21.5 dB to 37.1 dB by 
incorporating BDQFG FVF. The unity gain frequency also increases accordingly. For BD OTA, the UGB 
value is 29.7 MHz whereas for proposed OTA it is 95.3 MHz. 

The transient response is shown in Figure 5 where the BD shows a degraded characteristic. This gets 
improve by BDQFG due to increase of Ibias and the best response with minimum offset is seen for proposed 
OTA due to linearization technique used. So, a low voltage high gain, large bandwidth and fast OTA can be 
achieved with proposed approach without any significant contribution in terms of power. The performance 
analysis of OTAs as obtained by simulations is summarized in Table 2. 
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Figure 5. Transient plots 
Table 2. Performance analysis of OTAs 
Parameters [17] [19] [22] [23] [24] [25] _OTA (Figure 1) Proposed FVF OTA (Figure 2) 

Driving method GD BDQFG BD BD BD BD BD BDQFG 
Transconductance (Gm) 
(uA/V) 0.076 67.88 wee ee nee nee 14.9 92.9 
DC gain (dB) 45.3 21.09 78 64.7 70 65.8 21.5 37.1 
-3 db frequency (MHz) ---- ---- --- ---- --- --- 3.1 3.5 
GB (MHz) 0.065 ---- 7.5 296 95 2.78 29.7 95.3 
PM ---- 86 59 52 88 61 91 67 
FOM ((KHz*pF)/nA) ---- ---- 1.23 2.11 1.37 1.08 1.007 3.37 
Power (uW) ---- ---- ---- ---- ---- ---- 23.79 25.14 
Supply (+) 0.5 V 0.5 V 0.5 0.3 0.25 03 0.5 V 0.5 V 
Technology (nm) 90 180 180 180 65 180 180 180 


5. CONCLUSION 

A low voltage high gain OTA has been presented. The approach followed includes hybrid form of 
bulk driven technique which is BDQFG along with FVF structure. The BDQFG improves the AC 
characteristics and being a cpacitive network it does not affect the DC power while FVF helped in removal of 
tail current source from the OTA. The achieved performance encourages it application for high performance 
high speed VLSI circuits. 


REFERENCES 

[1] B. J. Blalock, P. E. Allen, and G. A. Rincon-Mora, "Designing 1-V op amps using standard digital CMOS technology," in IEEE 
Transactions on Circuits and Systems II: Analog and Digital Signal Processing, vol. 45, no. 7, pp. 769-780, July 1998, doi: 
10.1109/82.700924. 

[2] M. Akbari, O. Hashemipour, and M. H. Moaiyeri, "An efficient approach to enhance bulk-driven amplifiers," Analog Integrated 
Circuit and Signal Processing, vol. 92, no. 3, pp. 489-499, June 2017, doi: 10.1007/s10470-017-1010-7. 

[3] M. Akbari and O. Hashemipour, "A 0.6-V, 0.4-uW bulk-driven operational amplifier with rail-to-rail input/output swing," Analog 
Integrated Circuit and Signal Processing, vol. 86, no. 2, pp. 341-351, January 2016, doi: 10.1007/s10470-015-0686-9. 

[4] P. Hasler and T. S. Lande, "Overview of floating-gate devices, circuits, and systems," in ZEEE Transactions on Circuits and 
Systems II: Analog and Digital Signal Processing, vol. 48, no. 1, pp. 1-3, January 2001, doi: 10.1109/TCSII.2001.913180. 

[5] J. Ramirez-Angulo, C. A. Urquidi, R. Gonzalez-Carvajal, A. Torralba, and A. Lopez-Martin, "A new family of very low-voltage 
analog circuits based on quasi-floating-gate transistors," in IEEE Transactions on Circuits and Systems I: Analog and Digital 
Signal Processing, vol. 50, no. 5, pp. 214-220, May 2003, doi: 10.1109/TCSI.2003.811434. 

[6] J. Ramirez-Angulo, A. J. Lopez-Martin, R. G. Carvajal, and F. M. Chavero, "Very low-voltage analog signal processing based on 
quasi-floating gate transistors," in IEEE Journal of Solid-State Circuits, vol. 39, no. 3, pp. 434-442, March 2004, doi: 
10.1109/JSSC.2003.822782. 

[7] M. Akbari and O. Hashemipour, "A class-AB bulk-driven amplifier with enhanced transconductance using quasi-floating gate 
method," Journal of Circuits, Systems and Computers, vol. 27, no. 09, p. 1850137, 2018, doi: 10.1142/S0218126618501372. 


Low-voltage bulk-driven flipped voltage follower-based transconductance amplifier (Rajesh Durgam) 


7710 


[8] 


[9] 
[10] 
[11] 


[12] 


[13] 
[14] 
[15] 
[16] 


[17] 


[18] 
[19] 


[20] 


[21] 


[22] 


[23] 
[24] 


[25] 


g ISSN: 2302-9285 


F. Khateb, "Bulk-driven floating-gate and bulk-driven quasi-floating-gate techniques for low-voltage low-power analog circuits 
design," AEU-International Journal of Electronics and Communications vol. 68, no. 1, pp. 64-72, January 2014, doi: 
10.1016/j.aeue.2013.08.019 

F. Khateb, "The experimental results of the bulk-driven quasi-floating-gate MOS transistor," AEU-International Journal of 
Electronics and Communications, vol. 69, no. 1, pp. 462-466, January 2015, doi: 10.1016/j.aeue.2014.10.016. 

N. Raj, A. K. Singh, and A. K. Gupta, "Low power high output impedance high bandwidth QFGMOS current mirror," 
Microelectronics Journal, vol. 45, no. 8, pp. 1132-1142, August 2014, doi: 10.1016/j.mejo.2014.05.005. 

M. S. Doreyatim, M. Akbari, M. Nazari, and S. Mahani, "A low-voltage gain boosting-based current mirror with high 
input/output dynamic range," Microelectronics Journal, vol. 90, pp. 88-95, August 2019, doi: 10.1016/j.mejo.2019.05.022. 

B. Aggarwal, P. Bansal, and S. K. Sharma, "Basic low-voltage high gain amplifier block having multiple-inputs designed using 
differential FVF," International Journal of Information Technology, vol. 13, no. 3, pp. 1019-1023, February 2021, doi: 
10.1007/s41870-021-00621-1. 

M. Bchir, I. Aloui, and N. Hassen, "A bulk-driven quasi-floating gate FVF current mirror for low voltage, low power 
applications," Integration, vol. 74, pp. 45-54, September 2020, doi: 10.1016/j.vlsi.2020.04.002. 

N. Raj, "Low Voltage FVF Current Mirror with High Bandwidth and Low Input Impedance," Iranian Journal of Electrical and 
Electronic Engineering, vol. 17, no. 3, pp. 1-7, 2021, doi: 10.22068/IJEEE.17.3.1972. 

N. Raj, "Low-voltage wide-range high-impedance flipped voltage follower current mirror," Sādhanā, vol. 46, no. 171, pp. 1-9, 
2021, doi: 10.1007/s12046-021-01694-1. 

P.A. Kumar, S. Tamil, N. Raj, "Low voltage Improved Impedance Wide Bandwidth Current Mirror," International Journal of 
Information Technology, vol. 13, pp. 2411-2417, September 2021, doi: 10.1007/s41870-021-00785-w. 

W. M. E. A. W. Jusoh and S. H. Ruslan, "Design and analysis of current mirror OTA in 45 nm and 90 nm CMOS technology for 
bio-medical application," Bulletin of Electrical Engineering and Informatics, vol. 9, no. 1, pp. 221-228, February 2020, doi: 
10.1159 1/eei.v9il .1860. 

M. Akbari, O. Hashemipour, and A. Javid, "An ultra-low voltage, ultra-low power fully recycling folded cascode amplifier," 20/4 
22™ Iranian Conference on Electrical Engineering (ICEE), 2014, pp. 514-518, doi: 10.1109/IranianCEE.2014.6999597. 

T. Dubey and V. Bhadauria, "A low-voltage highly linear OTA using bulk-driven floating gate MOSFETs," AEU-International 
Journal of Electronics and Communications, vol. 98, pp. 29-37, January 2019, doi: 10.1016/j.aeue.2018.10.034. 

K. Garradhi, N. Hassen, T. Ettaghzouti, and K. Besbes, "Highly linear low voltage low power OTA using source-degeneration 
technique and universal filter application," 2015 27" International Conference on Microelectronics (ICM), 2015, pp. 295-298, 
doi: 10.1109/ICM.2015.7438047. 

K. Garradhi, N. Hassen, and K. Besbes, "Low-voltage and low-power OTA using source-degeneration technique and its 
application in Gm-C filter," 2016 11" International Design & Test Symposium (IDT), 2016, pp. 221-226, doi: 
10.1109/IDT.2016.7843044. 

M. Akbari, S. M. Hussein, Y. Hashim, and K. -T. Tang, "An Enhanced Input Differential Pair for Low-Voltage Bulk-Driven 
Amplifiers," in JEEE Transactions on Very Large Scale Integration (VLSI) Systems, vol. 29, no. 9, pp. 1601-1611, September 
2021, doi: 10.1109/TVLSI.2021.3084695. 

T. Kulej and F. Khateb, "A Compact 0.3-V Class AB Bulk-Driven OTA," in JEEE Transactions on Very Large Scale Integration 
(VLSI) Systems, vol. 28, no. 1, pp. 224-232, Jan. 2020, doi: 10.1109/TVLSI.2019.2937206. 

K. -C. Woo and B. -D. Yang, "A 0.25-V Rail-to-Rail Three-Stage OTA with an Enhanced DC Gain," in JEEE Transactions on 
Circuits and Systems I: Express Briefs, vol. 67, no. 7, pp. 1179-1183, July 2020, doi: 10.1109/TCSII.2019.2935172. 

T. Kulej and F. Khateb, "Design and implementation of sub 0.5-V OTAs in 0.18-um CMOS," International Journal of Circuit 
Theory and Application, vol. 46, no. 6, pp. 1129-1143, March 2018, doi: 10.1002/cta.2465. 


BIOGRAPHIES OF AUTHORS 


Rajesh Durgam © ki P received his M.Tech degree in VLSI from Jawaharlal Nehru 
Technological University in 2010. Currently, he is pursuing PhD in VLSI from SRK 
University, Bhopal India. He has authored or coauthored refereed Journal and Conference 
papers in VLSI domain. His research interests include low power VLSI circuit and system. He 
can be contacted at email: rajeshdurgam2000 @ gmail.com. 


Subramanian Tamil © f4 P holds a Ph.D in Electronics and Communication 
Engineering, India. Currently, he is associated as Professor in Department of Electronics and 
Communication Engineering, SRK University, Bhopal, India. He has authored or coauthored 
refereed Journal and Conference papers in communication and VLSI domain. His main area of 
research interests includes digital image processing, wireless, image processing, optical fiber 
communication, and wireless circuits and sytems. He can be contacted at email: 
stamil20005 @ gmail.com. 


Bulletin of Electr Eng & Inf, Vol. 11, No. 2, April 2022: 765-771 


Bulletin of Electr Eng & Inf ISSN: 2302-9285 Oo 771 


Nikhil Raj © ki P received his MTech and PhD degrees in VLSI Design from NIT 
Kurukshetra, India, in 2010 and 2017, respectively. He is currently Assistant Professor in ECE 
Department, LNMIIT Jaipur, since 2019. He has authored or coauthored more than 40 refereed 
Journal and Conference papers. His research interests include low voltage current mode and 
voltage mode circuits. He can be contacted at email: nikhilpub@ gmail.com. 


Bharti Chourasia © f: P received her M.E degree in DTI from SGSITS, Indore (M.P) in 
year 2009 and Ph.D degree in ECE from AISECT University (presently known as RNTU), 
Bhopal, Madhya Pradesh, in the year 2017. Currently she is working as HOD-ECE Department 
in Sarvepalli Radhakrishnan University (SRKU) Bhopal since June 2018. Bharti Chourasia has 
supervised 04 Ph.D Thesis and more than 25 M.Tech/M.E Thesis. Her area of interest is DIP, 
WSN, image and video edge detection, optical fiber communication, wireless communication, 
electronics devices, and communication engineering. She can be contacted at email: 
bharti.chourasia27 @ gmail.com. 


Low-voltage bulk-driven flipped voltage follower-based transconductance amplifier (Rajesh Durgam) 


